Abstract. Searches for pair production of sfermions and charginos and associated production of neutralinos have been performed using the data collected by the ALEPH detector at centre-of-mass energies ranging from 188.6 to 201.6 GeV. No evidence for any such signals is observed in a total of about 410 pb ?1 accumulated luminosity. The negative results of such searches are translated into exclusion domains in the space of the relevant Minimal Supersymmetric Model parameters, improving signi cantly on the previous constraints. Under the assumptions of gaugino and sfermion mass uni cation, these results allow a 95% con dence level lower limit of 36.8 GeV=c 2 to be set on the mass of the lightest supersymmetric particle, for any tan and sfermion mass. Additional constraints in the MSSM parameter space have been derived including the negative results of ALEPH searches for Higgs bosons. These raise the above limit to 38 GeV=c 2 .
INTRODUCTION
The Standard Model of particle physics provides a very successful description of the wide range of phenomena observed in today's accelerator experiments. It is not believed that the Standard Model can be complete, however, for a number of reasons. It contains a large number of parameters, which must be obtained by experiment. It contains a number of \coincidences" which can only be explained by a higher degree of uni cation, between the electroweak and strong interactions. Any such uni cation, or the incorporation of quantum gravity into the theory, leads to large corrections to the masses of particles, especially scalars such as the Higgs boson, which cause the Standard Model Higgs mass to become highly unnatural.
Supersymmetry 1], which provides a boson partner for every fermion and vice versa, incorporates Grand Uni cation while causing a cancellation of the mass corrections, allowing a Higgs mass in the 100 to 1000 GeV=c 2 range to arise perfectly naturally. In many supersymmetric theories, R-parity is conserved, with the consequence that supersymmetric particles are always produced in pairs, their decays always yield an odd number of supersymmetric products, and hence the lightest supersymmetric particle (the LSP) must be stable 1]. The LSP is thus a promising candidate for the weakly interacting massive particle (WIMP) required for Dark Matter.
This note describes the results of searches for the supersymmetric partners of fermions (sleptons~; squarksq) and of Higgs, Z and W bosons (charginos , 2 ; neutralinos 0 i ), observed using data collected by the ALEPH detector during 1998 to 1999, at centre-of-mass energies ranging from 188.6 to 201.6 GeV. Results of slepton and squark searches with the 1998 data sample have already been published 2].
As in previous publications 2{4], the theoretical framework adopted is the Minimal Supersymmetric Model (MSSM) with R-parity conservation and the assumption that the lightest neutralino is the LSP. The notations and conventions described in ref. 3 ] are used for the MSSM parameters. In particular, the uni cation relation between the gaugino SUSY-breaking mass terms calculated at lowest order, M 1 = 5 3 M 2 tan 2 W , is assumed throughout. Masses and couplings of the relevant supersymmetric particles are calculated at tree level. For charginos and neutralinos, they are entirely determined by the parameters M 2 , and tan . The sfermion masses are determined using the renormalisation group equations with the addition of the parameter m 0 representing a common SUSY-breaking mass for all sleptons and squarks at the grand uni cation scale.
The event selection process is described below. A thorough description of the ALEPH detector can be found in ref. 5] , and an account of its performance as well as a description of the standard analysis algorithms is given in 6].
EVENT SELECTION
The signal processes searched for and the topologies studied are summarised in table 1. The signal can be mimicked by background arising from standard model processes, predominantly e + e ? ! W + W ? , e + e ? ! ZZ, and two-photon interactions. The selection algorithms, needed to optimise sensitivity to the many possible nal state topologies, have been described in previous publications 2{4]; however, the exact positions of the cuts have been optimised to give the best expected upper limit on the number of produced signal events in the absence of any signal, taking into account the increased centre-of-mass energy and the size of the new data samples.
An important characteristic of all the nal states is missing energy, and the event characteristics depend signi cantly on M, the mass di erence between the decaying particle and the produced 0 1 or~ . For the sfermion searches, di erent selection procedures were designed for the low and high M cases, while for the neutralino search sliding cuts were applied with the value of the cut depending on M.
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LIMITS ON SUPERSYMMETRIC PARTICLES
The numbers of events selected for the various processes are generally in good agreement with the expectations from standard processes. For example, for the selectron search 42 events were seen while the expectation is 48.1; for neutralinos 78 candidates were found while 87.8 are expected. Since no signi cant excesses were observed, limits can be set on the production cross sections for the various supersymmetric species. The expected cross sections are themselves determined by the masses of the particles and other supersymmetry parameters, and so regions can be excluded (at the 95% con dence level) from the allowed parameter space. For example, gure 1a) shows the exclusion in the Mẽ versus M parameter space, for particular values of tan and , obtained from the selectron search. It should be noted that there is an unexcluded \corridor" at low M (< 3 GeV) where the search is ine cient. Assuming a common scalar mass at the GUT scale, the searches for di erent sfermion species can be combined, and gure 1b) shows the combined limit from all three slepton species. The corridor has been partially closed by the incorporation of searches sensitive to single electrons from t-channelẽ LẽR production. Similar limits can also be obtained from the gaugino searches.
The limits on slepton, squark, chargino and neutralino production allow constraints to be imposed on the allowed MSSM parameter space. These in turn allow lower limits to be placed on the LSP mass, as a function of tan and m 0 . Figure  2a limit is reduced to 35 GeV=c 2 .
Further constraints can also be imposed as a result of ALEPH's recent Higgs searches, since the mass of the lightest MSSM Higgs boson, h, receives corrections from Mt, dependent on the value of tan . If Mt is of the same order as M t , the limit on M h results in a direct limit on tan , while for a given, low value of tan , the limit on M h imposes a lower limit on Mt which leads in turn to a limit on M 2 . When the current ALEPH lower limit on the Higgs mass of 107.7 GeV=c 2 is combined with the searches presented above, an overall limit of M > 38 GeV=c 2 is obtained, valid for any m 0 , as illustrated in gure 2b). If M 0 is assumed to be greater than 500 GeV=c 2 , this limit is seen to improve to about 47.5 GeV=c 2 .
CONCLUSIONS
The previously published ALEPH searches for the supersymmetric partners of fermions and of Higgs, Z and W bosons have been updated with the data collected during 1999 at centre-of-mass energies up to about 202 GeV, corresponding to an overall integrated luminosity of about 410 pb ?1 . In all topologies the number of candidates observed is consistent with the background expected from Standard Model processes.
The negative search results have been interpreted in the framework of the Minimal Supersymmetric Model, enabling 95% c.l. lower limits to be set on sfermion, chargino and neutralino masses. This has allowed signi cant constraints to be placed on the MSSM parameter space. These constraints have been tightened fur- ther by the negative results of searches for the MSSM Higgs boson. The lower limit on the mass of the lightest neutralino is thus found to be 38 GeV=c 2 if m 0 is left free, or 47.5 GeV=c 2 if m 0 is constrained to values greater than 500 GeV=c 2 .
